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(54) Crankshaft position sensing with combined starter/alternator 



(57) A crankshaft position sensing apparatus for use 
with an engine (16) having a combined starter/alternator 
assembly (18). The crankshaft position sensing appa- 
ratus includes a tone ring (38) with a sensor (36) and 
bandpass filter (46), having a cylinder identification input 
from a camshaft sensor (48), and a gain limiter (54). The 



sensing apparatus mounts near the rotor (30) of the 
combined starter/alternator assembly (18). The filtered 
crankshaft position signal can then be input into a vehi- 
cle system controller (58) and an inner loop controller 
(60). The starter/alternator assembly (18) in combina- 
tion with an internal combustion engine is particularly 
useful for a hybrid electric vehicle system. 
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Description 

[0001] The present invention relates to a sensor as- 
sembly for sensing the crankshaft position on an internal 
combustion engine and more particularly on an engine 
having an induction type combined starter/alternator. 
[0002] For environmental and other reasons general- 
ly, there is a desire to provide for automotive vehicles 
that operate with propulsion system other than just atyp- 
ical internal combustion engine. One such propulsion 
system contemplated is a purely electric vehicle. But 
since the technology for purely electrical vehicles is not 
yet practical, (e.g., there are limitations not desired by 
consumers), combining the electric drive with a some- 
what more conventional internal combustion engine is 
one alternative being considered. With two drive sys- 
tems in the hybrid vehicle, however, both drive systems, 
including the internal combustion engine, must be min- 
imal in size. 

[0003] One of the developments for reducing the 
overall space taken by the internal combustion engine 
and its accessories is to substantially reduce in size or 
even to eliminate the flywheel that normally mounts to 
the crankshaft at the rear of the engine and to locate a 
combined starter/alternator in this position. This will sub- 
stantially reduce the space taken by separate conven- 
tional starters and alternators. For instance, an electric 
machine rotor of the starter/alternator can double as the 
conventional flywheel. 

[0004] However, this now creates an electromagnetic 
interference (EMI) rich environment at the rear of the 
engine within which the crankshaft position is preferably 
sensed for the hybrid vehicle. The new system now re- 
quires that the sensor operate in the presence of strong 
electromagnetic fields beneath end turns of a stator and 
alongside an induction machine rotor. Current produc- 
tion technology, such as Hall effect or variable Reluc- 
tance sensors (VRS), for sensing crankshaft position, 
then, is unusable in a combined starter/alternator sys- 
tem due to the significant EMI, which is not present at 
these levels in a conventional flywheel configuration. 
[0005] To overcome this, one could relocate current 
crankshaft position sensors to the front of the internal 
combustion engine, but then the desired resolution of 
the crankshaft position for this hybrid configuration 
would be lost. This resolution is needed to more accu- 
rately control an indirect field oriented induction ma- 
chine, thus making relocation an inadequate solution. 
Consequently, there is a desire to allow for accurate 
crankshaft position sensing even in an E Ml rich field cre- 
ated by an engine with a combined starter/alternator 
mounted at its rear. 

[0006] In its embodiments, the present invention con- 
templates a crankshaft position sensing apparatus for 
use with an engine having a combined starter/alternator 
assembly, a crankshaft, and a camshaft. The crankshaft 
position sensing apparatus includes a tone ring adapted 
to affix to a rotational portion of the starter/alternator as- 



sembly with the tone ring including indications spaced 
circumferentially around the tone ring. Sensing means 
are located in proximity to the indications and adapted 
to be fixed rotationally relative to the engine, for produc- 

5 ing an initial crankshaft signal in response to rotation of 
the tone ring; and camshaft sensing means are adapted 
for producing a camshaft position signal in response to 
rotational motion of the camshaft. A bandpass filter re- 
ceives and processes the initial crankshaft signal and 

io the camshaft position signal and produces a filtered 
crankshaft signal. A limiter receives the filtered crank- 
shaft signal and outputs a crankshaft rotational position 
signal. 

[0007] The apparatus embodying the present inven- 
75 tion provides a preferred location for crank position 
sensing at the rear of the engine when employing an 
induction type flywheel starter/alternator system. 
[0008] It also provides for accurate signal determina- 
tion by employing bandpass and tracking filters, for ro- 
20 bust sensing in the EMI rich environment around the 
starter/alternator. 

[0009] An advantage of the present invention is that 
a VRS or Hall Effect Sensor can accurately measure 
crankshaft position even when subjected to an EMI rich 
2S environment from a hybrid electric vehicle, 

[0010] The invention will now be described, by way of 
example, with reference to the accompanying drawings, 
in which: 



30 



35 



40 



45 



SO 



Fig. 1 is a schematic perspective view of a vehicle 

in accordance with the present invention; 

Fig. 2 is an enlarged view of encircled area 2 in Fig. 

1; 

Fig. 3 is an exploded perspective view of encircled 
area 3 in Fig. 2; 

Fig. 4 is a cross-sectional view of a flywheel starter/ 
alternator in accordance with the present invention; 
Fig. 5 is an enlarged perspective view of a tone ring 
and sensor as illustrated in the encircled area 5 in 
Fig. 3, rotated 180 degrees; 
Fig. 6 is a block diagram of the circuit connected to 
the crankshaft position sensor in accordance with 
the present invention; 

Fig. 7 is an exploded perspective view of the tone 
ring and sensor, similar to Fig. 3, in accordance with 
another embodiment of the present invention; 
Fig. 8 is an enlarged view of the tone ring and sen- 
sor in accordance with the embodiment of Fig. 7; 
and 

Fig. 9 is a view similar to Fig. 5, illustrating a further 
embodiment of the present invention. 



[0011] Figs. 1 and 2 illustrate a schematic of a portion 
of a hybrid electric vehicle 10 including an electric drive 
55 system having an inverter 12 and a battery 14. A trans- 
mission 20 is electrically connected to the inverter 12 
and drive motors, not shown, in order to drive the front 
wheels 22. The vehicle 10 also includes a transversely 
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mounted internal combustion engine 16, for supplying 
power, when needed, to charge the battery 14. Affixed 
to the back end of the engine 16, and driven by a rear 
hub portion of an engine crankshaft 26 is a starter/alter- 
nator assembly 1 8. This assembly 1 8 can act as a start- 
er for the engine 16 and also can convert the output of 
the engine 16 into the electrical power that charges the 
battery 14. 

[0012] Figs. 3 - 5 better illustrate the starter/alternator 
assembly 18. As discussed above, in order to allow for 
two drive systems in a hybrid electric vehicle, each must 
be as compact as possible. The combined starter/alter- 
nator 16 is built in an annular volume around a coaxial 
twin plate dry clutch 32. It includes a housing, illustrated 
as a bell housing 24a in Fig. 4 and as an open housing 
24b in Fig. 3. The housing 24a or 24b mounts to the 
engine block 1 7 at the rear of the engine 1 6, around the 
end of the crankshaft 26. 

[001 3] Rotationally fixed to the inner wall of the hous- 
ing 24 is a stator 28, and rotationally mounted radially 
within the stator 28 is a rotor 30. The rotor 30 connects 
to a first side of the clutch assembly 32. The second side 
of the clutch assembly 32 connects to the crankshaft 26. 
When the starter/alternator assembly 18 is acting as a 
starter, the first side is the driving side and the second 
side of the clutch 32 is the driven. When the starter/al- 
ternator assembly 1 8 is acting as an alternator, the sec- 
ond side of the clutch 32 is the driving side and the first 
side is the driven 

[0014] Given the compact configuration of the starter/ 
alternator assembly 18, and hence the small diameter 
clutch assembly 32, a conventional crankshaft position 
sensor would need to be located at a short radius, re- 
quiring the sensor to be located in either the engine's oil 
pan or inside the engine block 1 7 near the engine's rear 
seal. With the present invention however, a crankshaft 
position sensor 36 is located at an intermediate radial 
distance from the crankshaft 26 such that it is physically 
possible to locate it facing into the rotor 30 and be ac- 
cessible from outside the engine block 17 and oil pan. 
Preferably, this sensor 36 is either a variable reluctance 
sensor or a Hall Effect sensor. 

[0015] For this location of the crankshaft position sen- 
sor 36, instead of employing holes in a flywheel as in a 
conventional configuration, a special tone ring 38 is em- 
ployed. The tone ring 38 is preferably fabricated of lam- 
ination steel, having windows 40 cut out that approxi- 
mate the slot/tooth dimensions preferred for the partic- 
ular crankshaft position sensor 36 employed. The tone 
ring 38 illustrated herein shows a window arrangement 
in a conventional 36-2 pattern around its perimeter in 
proportions generally desirable for a VRS or Hall Effect 
sensor. Preferably, the inside radius 42 of the tone ring 
38 matches the radius of the rotor 30, and the tone ring 
radial depth matches the end ring depth of the rotor 30. 
As for mounting, the tone ring 38 can be affixed to the 
rotor end ring during rotor aluminium cage casting. 
[0016] Turning now to Fig. 6, the crankshaft position 



sensor 36 and signal processing components are illus- 
trated. These components act to extract the corrupted 
VRS crankshaft position signal from the EMI generated 
by the starter/alternator 18, illustrated in Figs. 1 - 4. 

5 [°017] Electromagnetic noise is created due to the 
magnetic coupling from the end turns of the stator 28 
and similar fields from the rotor 30. This noise introduces 
a common mode component into the crankshaft position 
signal. (This is illustrated in phantom in Fig. 6 as stator 

10 interference and rotor interference being added to the 
VRS crankshaft position signal.) Additionally, the high 
end-ring tangential magnetic field intensity drives the 
tone ring 38 into saturation in special regions where the 
peaks of the slip current occur, and the mechanical drive 

15 frequency effect causes the crankshaft position signal 
to be amplitude modulated, (blurring of the tone ring win- 
dows 40). The signal processing components described 
below correct for these errors. 

[0018] The crankshaft position sensor 36, which is lo- 

20 cated in proximity to the passing windows 40 on the tone 
ring 38, is electrically connected to a bandpass filter 46. 
The filter 46 also receives input from a camshaft cylinder 
identification sensor 48, through an adjustment multipli- 
er 50 that accounts for the difference in rotational speed 

25 between a crankshaft and a camshaft. The camshaft 
sensor 48 reads the information from a camshaft wheel 
52, as in conventional engines. The bandpass filter 46 
then, is preferably of the switched capacitor type in 
which the centre of frequency is a multiple of the cylinder 

30 identification frequency, (i.e., tracks the expected tone 
ring frequency and is an electromagnetic clean signal). 
[0019] The output of the bandpass fitter 46 is an input 
to a gain Iimiter54, having another input for gain tracking 
56, allowing for extraction of the fundamental (36-2 

35 tooth) tone wheel information and index pulse. The out- 
put of the gain limrter 54, then, provides the filtered 
crankshaft position signal, which is available as input to 
a vehicle system controller 58 and an inner loop control- 
ler 60 for the alternator/starter assembly 18. 

40 [0020] The general operation of the system will now 
be described. During engine cranking the starter/alter- 
nator 1 8 is energised in the cranking mode with the first 
side of the clutch 32 driving the second side. High torque 
is developed and the engine crankshaft 26 is accelerat- 

45 ed from standstill. In this cranking mode, the starter/al- 
ternator 18 starts up under open loop control until a few 
pulses of a cylinder identification signal from the cam- 
shaft sensor 48 are multiplied, by the multiplier 50, to 
match the passing frequency of the windows 40 in the 

50 tone ring 38. The signal is then filtered through the band- 
pass filter 46 and the gain limiter 54. Subsequently, the 
alternator/starter inner loop (indirect field orienter) en- 
ters closed loop control (field oriented control) by em- 
ploying the signal from the inner loop controller 60. Also, 

55 the filtered crankshaft position signal is sent to the ve- 
hicle system controller 58, providing information for en- 
gine operation (such as ignition timing, etc.). 
[0021] An alternate embodiment illustrating a tone 
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ring and crankshaft position sensor is shown in Figs. 7 
and 8. In this embodiment, the crankshaft position sen- 
sor 36 remains the same although it is reoriented to ac- 
count for a differently shaped tone ring 38'. For this tone 
ring 38', the windows 40' face radially outward (around s 5. 
a cylindrical outer surface rather than along a circular 
surface as in the first embodiment) and the crankshaft 
position sensor 36 faces radially inward toward the win- 
dows 40'. 

[0022] Another embodiment is illustrated in Fig. 9. In 10 6. 
this embodiment an additional crankshaft position sen- 
sor 66, again preferably a Hall Effect or VRS type, is 
mounted adjacent the tone ring, but circumferentially 
spaced from the first crankshaft position sensor 36. Both 
of the crankshaft sensors will send a signal to the band- is 
pass filter and can be used to generate a quadrature 
signal and hence double the position resolution. 7. 



Claims 



20 



A crankshaft position sensing apparatus for use 
with an engine having a combined starter/alternator 
assembly (18), a crankshaft (26), and a camshaft 8. 
(52), the crankshaft position sensing apparatus 25 
comprising: 



to claim 1, further including a vehicle system con- 
troller, with an output of the limiter input to the vehi- 
cle system controller. 

A crankshaft position sensing apparatus according 
to claim 4, further including an inner loop controller, 
with the output of the limiter input to the inner loop 
controller. 

A crankshaft position sensing apparatus according 
to claim 1, further including a vehicle system con- 
troller, with an output of the limiter input to the vehi- 
cle system controller, and an inner loop controller, 
with the output of the limiter input to the inner loop 
controller. 

A crankshaft position sensing apparatus according 
to claim 1 , wherein the tone ring includes a gener- 
ally flat disk portion and an outer ring portion ex- 
tending generally normal to the flat disk portion and 
wherein the windows are formed through the outer 
ring portion of the disk. 

A crankshaft position sensing apparatus according 
to claim 1 , wherein the sensing means includes a 
Hall Effect sensor or a variable reluctance sensor. 



a tone ring (38) adapted to affix to a rotational 
portion of the starter/alternator assembly, with 
the tone ring (3S) including indications (40) 30 
spaced circumferentially around the tone ring; 
sensing means (36), located in proximity to the 
indications and adapted to be fixed rotationally 
relative to the engine, for producing an initial 
crankshaft signal in response to rotation of the 35 
tone ring; 

camshaft sensing means (48,50) adapted for 
producing a camshaft position signal in re- 
sponse to rotational motion of the camshaft; 
a bandpass filter (46) for receiving and process- 40 
ing the initial crankshaft signal and the cam- 
shaft position signal and for producing a filtered 
crankshaft signal; and 

a limiter (54) for receiving the filtered crankshaft 
signal and for outputting a crankshaft rotational 45 
position signal. 

2. A crankshaft position sensing apparatus according 
to claim 1 , further including means for gain tracking 
with an output connected to an input on the limiter. so 

3. A crankshaft position sensing apparatus according 
to claim 2, wherein the camshaft sensing means in- 
cludes a camshaft sensor and a multiplier connect- 
ed between the camshaft sensor and the bandpass ss 
filter. 

4. A crankshaft position sensing apparatus according 



9. A hybrid drive system for a vehicle comprising: 

an internal combustion engine having a crank- 
shaft, and a camshaft; 

a starter/alternator assembly operatively en- 
gaging the crankshaft and having a housing 
fixed to the engine; 

a tone ring affixed to a rotational portion of the 
starter/alternator assembly, with the tone ring 
including indications spaced circumferentially 
around the tone ring; 

sensing means, located in proximity to the in- 
dications and fixed rotationally relative to the 
housing, for producing an initial crankshaft sig- 
nal in response to rotation of the tone ring; 
camshaft sensing means for producing a cam- 
shaft position signal in response to rotational 
motion of the camshaft; 

a bandpass filter for receiving and processing 
the initial crankshaft signal and the camshaft 
position signal and for producing a filtered 
crankshaft signal; and 

a limiterfor receiving the filtered crankshaft sig- 
nal and for outputting a crankshaft rotational 
position signal. 

10. A vehicle having a hybrid drive system comprising: 

an electric drive system; 

an internal combustion engine including a 
crankshaft and a camshaft; 
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a starter/alternator, connected between the 
crankshaft and the electric drive system, includ- 
ing a housing affixed to the internal combustion 
engine with a stator rotationally affixed to the 
housing, a rotor rotatably mounted within the s 
stator, and a clutch having a first side rotation- 
ally affixed to the crankshaft and a second side 
rotationally affixed to the rotor; and 
a crankshaft position sensing assembly includ- 
ing a tone wheel rotationally co-operating with w 
the rotor and having indications circumferen- 
tially spaced thereon, a crankshaft sensor 
mounted rotationally fixed relative to the hous- 
ing adjacent a portion of the tone wheel, cam- 
shaft position sensing means for tracking the is 
location of the camshaft, bandpass filter for re- 
ceiving signals from the crankshaft sensor and 
the camshaft position sensing means and for 
producing a filtered crankshaft signal, means 
for gain tracking, and a limiter for receiving the 20 
filtered crankshaft signal and gain tracking sig- 
nal and outputting a crankshaft rotational posi- 
tion signal. 
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